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Chapter One 


The early years 


ON APRIL 22, 1904, after a difficult labor, a blue-eyed child was 
born to Julius and Ella Oppenheimer. They named him Robert but 
gave him a preceding initial taken from his father, which Robert 
later said: "stood for nothing." Julius Oppenheimer was a Jewish 
immigrant who had come to the United States from Hanau, 
Germany, in 1888 to work in a family business importing textiles at 
the age of seventeen. An ambitious and self-improving man, by his 
thirtieth birthday, he was wealthy with excellent command of the 
English language and in possession of developed tastes in art and 
literature; Robert later described him as "one of the most tolerant 
and human of men." Ella Friedman Oppenheimer was an artist who 
had studied painting in Paris and whose family had immigrated 
from Germany in the 1840s. When she met Julius, she was teaching 
art in her own New York studio. 


The Oppenheimer lived on the eleventh floor of an apartment 
building in a well-to-do neighborhood on Riverside Drive, 
overlooking the Hudson River. In this sheltered atmosphere, Robert 
grew up surrounded by Van Goghs and fine European furniture — 
in those days, more a sign of good taste than wealth. As a boy, 
Robert attended the Ethical Culture School, where he was exposed 
to various subjects ranging from Greek to French literature, 
mathematics, and science. Then, later in his life, Robert pursued 
science and the humanities with equal ease and pleasure. When 
Robert was eight, his brother Frank Friedman Oppenheimer was 
born. In school, he pursued interests in Greek, chemistry, 
architecture, classics, art, and literature. As a child, his grandfather 
gave him a "perfectly conventional tiny collection of minerals" on a 
visit to Germany. "From then on, I became," he recalled, "in a 
completely childish way, an ardent mineral collector, and I had, by 
the time I was through, quite a fine collection." At age twelve, he 
had been elected an honorary member of the New York 
Mineralogical Club and delivered a paper at one of its meetings. 
Taking a year off before starting college at Harvard due to an attack 


of colitis, Robert traveled with a former English teacher to New 
Mexico, where he fell in love with horseback riding and the 
mountains and plateaus of the American Southwest. He returned 
reinvigorated. 


At Harvard, Robert flourished, pursuing philosophy and French 
literature along with his science. He was introduced to experimental 
physics in a course on thermodynamics taught by future Nobel 
Laureate Percy Bridgman. While only in his first year as an 
undergraduate, he had applied, based on independent study, for 
graduate standing in physics, which would allow him to take 
higher-level courses (which he was granted). After three years of 
college, Robert graduated in 1925 in chemistry, summa cum laude. 
He was then admitted to perform advanced work with J.J. Thomson 
at the Cavendish Laboratory in Cambridge, England. However, 
Robert was somewhat poor at experimental work, though he was 
becoming increasingly interested in the theoretical aspects of 
physics, represented in Cambridge by R.H. Fowler and still in the 
throes of the revolution started by Planck, Einstein, and Bohr. 
Surviving a brief bout of depression, Robert accepted an offer from 
Max Born to continue his studies at the University of Góttingen in 
Germany, one of the centers of theoretical physics in Europe. Work 
at Góttingen was centered around a newly forming field of physics, 
quantum mechanics, and Robert was on the ground floor. 


During his time at Góttingen, Robert found acceptance and success, 
despite his relative lack of experience with theoretical physics and 
his young age - he was only twenty-two at the time and looked 
much younger. While there, he worked with Born, Paul Dirac, Ed 
Condon, and many others. He started gaining a favorable reputation 
as he produced good work and held his own with the other young 
mathematical physicists. At Cambridge, there was a steady flow of 
visiting physicists in Góttingen, and Robert interacted with Werner 
Heisenberg and Wolfgang Pauli, among many distinguished (and 
soon-to-be distinguished) others. In the spring of 1927, Robert was 
awarded his doctorate with distinction from Góttingen, writing his 
dissertation on problems concerning the continuous spectrum. He 
continued to work on applying quantum mechanics to the problem 
of scattering. With Max Born, he wrote a joint paper on the 
quantum theory of molecules, creating the "Born-Oppenheimer 
approximation," which continues to be used today. Robert had 


arrived in Europe as a somewhat inept and ineffectual laboratory 
physicist and left as a young maven of mathematical physics. He 
chose to spend the fall term at Harvard before going to Pasadena to 
work at the California Institute of Technology as a National 
Research Council fellow. While at Caltech, he received numerous 
invitations for teaching positions — ten in the United States and two 
in Europe — and eventually opted for an assistant professorship in 
physics at the University of California, Berkeley. Berkeley appealed, 
in his words, because "it was a desert," and yet it was also a fertile 
place of opportunity. He maintained a joint appointment with 
Caltech to avoid potential isolation, where he sporadically taught in 
the spring term. Before his Berkeley professorship began, however, 
he was diagnosed with a mild case of tuberculosis, and with his 
now sixteen-year-old brother Frank, he spent some weeks at a ranch 
in New Mexico. They dubbed the location "Perro Caliente," from 
Robert's exclamation of "Hot dog!" when he found out it could be 
leased. Eventually, he purchased it outright. 


Driving west to California, Frank flipped their car over, and Robert 
broke his arm. (They debated who was the worse driver, and both 
had a considerable claim to the honor.) Robert chose bright red for 
his sling to cheer up Frank, which he was wearing when he arrived 
in Pasadena. In the fall of 1928, Robert headed back to Cambridge 
and on to the University of Leiden, Holland. He traveled with Paul 
Dirac to visit Paul Ehrenfest's institute, where he impressed 
colleagues by giving lectures in Dutch despite very little experience 
with the language. They affectionately dubbed him "Opje," which 
became Americanized as "Oppie." He then spent a month in Utrecht, 
working with Hendrik Kramers. Robert had planned to head to 
Copenhagen to work with Niels Bohr. Still, Ehrenfest instead 
advised him to go to Zurich, in Switzerland, on the suggestion that 
Oppenheimer would benefit more from close contact with Wolfgang 
Pauli, another sharp mathematical physicist, rather than Bohr's 
more qualitative and cloudy approach. Robert stayed through the 
spring of the next year, working with Pauli on, among other things, 
fundamental problems of quantum field theory and the continuous 
spectrum. 


Chapter Two 


The years at the university 


IN THE SUMMER OF 1929, twenty-five-year-old J. Robert 
Oppenheimer finally arrived at the University of California in 
Berkeley to take up his post as an assistant professor of physics. 
Berkeley's physics program was extremely weak in theory at the 
time, in contrast to Caltech's more established mingling of theorists 
and experimentalists. Only the year before had experimentalist 
Ernest O. Lawrence been recruited as an assistant professor. 
Berkeley was a desert, but it was very quickly going to bloom. 
Under the eye of Raymond Thayer Birge, chairman of the Berkeley 
physics department from 1933 to 1955, it would quickly become a 
magnet for top students worldwide. For Oppenheimer, Berkeley was 
where he would start a school, while Caltech was a place to 
maintain a sense of collegial interaction and criticism. Within two 
years, Lawrence had invented his cyclotron: a machine that used a 
clever arrangement of electric and magnetic fields to push particles 
to high energies and use them to bombard atomic nuclei. Over time 
the experimentalists at both Berkeley and Caltech were creating 
mountains of data and finding new subatomic phenomena, which 
gave the theoretical physicists ample challenges. Unlike European 
physics research at the time, theoretical and experimental aspects of 
the American physics curriculum were still highly integrated. "I 
didn't start to make a school," Oppie (as his students called him) 
reflected later. "I didn't start to look for students. I started as a 
propagator of the theory I loved, about which I continued to learn 
more, which was not well understood and very rich. The pattern 
was not that of someone who takes on a course and teaches 
students preparing for a variety of careers but of explaining first to 
faculty, staff, and colleagues and then to anyone who would listen 
what this was about, what had been learned, what the unsolved 
problems were." 


When Oppenheimer started at Berkeley, he was regarded as a poor 
lecturer. He stammered, spoke inaudibly, and rushed through his 
material. He even wrote notes on top of other notes on his 


blackboard, referring students to things he had long since covered 
up with more chalk. None of this was helped by the inherent 
complexity of the subject matter. However, over time he became 
more adept at lecturing, lost his stammer, and took more pains with 
his explanations. He became especially renowned for his role as a 
graduate advisor willing to work with students for hours, fleshing 
out their scientific problems without taking over the project or 
taking credit for it later. By the mid-1930s, his group of eight to ten 
graduate students and half a dozen postdoctoral students would 
gather in his office to discuss their research progress and interests 
as a group, exposing each of them to a broad range of topics. 
However, even with his improvements, some hallmarks of the 
Oppenheimer style still lingered; in the words of Robert Serber, a 
former postdoctoral student of Oppenheimer's, he was still "quick, 
impatient, and had a sharp tongue." 


Robert was impressed with his lightning grasp and vast mastery of 
physics — concepts, formulas, and experimental data. His students 
also adored him for his trademark style. They sought to acquire his 
tastes and imitate his mannerisms. They also spread the famous 
Oppenheimer mystique — of his learning Sanskrit, for instance, to 
better read the Bhagavad Gita (a Hindu holy book which, curiously, 
deals in part with the moral obligation of a skilled warrior to 
participate in the making of War) and of reading the whole of 
Marx's Das Kapital (not in translation) during a train trip. Despite 
their little in common, Robert became good friends with Lawrence 
during this period. Oppenheimer was a gangly, refined theorist from 
an affluent Jewish East Coast background. In contrast, Lawrence 
was a solid experimentalist raised in South Dakota who had paid his 
way through college selling cookware door to door. Whatever their 
differences, in the early 1930s, they became a complementary pair. 


With a furious tempo, politics, and physics battled it out through 
the 1930s for the distinction of producing the most shocking events. 
In 1932 Cockroft and Walton blasted subatomic particles with 
enough force to drive a human-controlled nuclear reaction for the 
first time. That same year, James Chadwick discovered the neutron. 
In January 1933, Adolf Hitler was appointed chancellor of Germany 
and, within three months, had seized total dictatorial powers. In 
April, Jewish civil servants, including university professors, were 
fired from their posts in Germany. In 1934, the Joliot-Curies 


discovered artificial radioactivity by bombarding elements with 
alpha particles; in the same year, Enrico Fermi discovered similar 
effects using neutrons and reported using uranium as a target 
produced several different artificially radioactive elements as 
products. In 1936, the Spanish Civil War broke out after a failed 
coup by Franco's Nationalists, backed by Hitler and Mussolini. In 
1938, Germans Otto Hahn and Fritz Strassman released findings 
proving that Fermi had actually witnessed the bursting of the 
uranium nucleus and produced atomic fission. Immediately, Lise 
Meitner and Otto Robert Frisch described the mechanism for fission 
and indicated that large amounts of energy were given off in the 
process. Leo Szilard confirmed in his own experiments that 
neutrons, too, were produced in the reaction, and the Joliot-Curies 
measured the number. The possibility of using a neutron-fed chain 
reaction for a continuous power source was front and center in 
many physicists' minds — as was the possibility of using it for a 
weapon. As the Nazi army marched into Czechoslovakia, then into 
Poland, the specter of nuclear fission in a weapon loomed. Until the 
mid-1930s, Robert was well-known for being oblivious to politics. 
He reportedly did not know about the Great Depression until told 
by Lawrence sometime after the stock market crash. However, in 
1936 he met Jean Tatlock, a graduate student in psychology at 
Stanford University, at a benefit for Spanish Loyalists organized at 
the time), Robert supported many left-wing efforts, such as those on 
behalf of the Loyalists in the Spanish Civil War. But his political 
activity did not reach much further than donations, occasional 
discussion groups, and benefits and parties he hosted for causes. 


Meanwhile, he watched the mistreatment of the Jews in Nazi 
Germany with what he later described as "continuous, smoldering 
fury." During this time, Robert's work as a physicist developed as 
well. With one of his first graduate students, Melba Phillips, 
Oppenheimer worked on deciphering the theory behind the cryptic 
results obtained by the Caltech experimenters and the cyclotroneers 
at Lawrence's Radiation Laboratory. They explained the 
Oppenheimer-Phillips process, involved in artificial radioactivity 
under bombardment by deuterons, an important step in nuclear 
physics. He also looked closely at cosmic ray showers, developing a 
mathematical theory of their step-by-step production. The 
formalism of relativistic quantum mechanics and quantum field 


theory attracted his attention, as did the BUILDING A SCHOOL, 
1929-1941 J. Robert Oppenheimer, Enrico Fermi, and Ernest O. 
Lawrence at the Rad Lab, probably late-1930s; a holy triumvirate 
not yet realized. Oppenheimer would head the laboratory that 
designed the bomb, Fermi would help design the process for 
manufacturing plutonium, and Lawrence would provide a key 
means of separating uranium by Robert's landlady. Robert and 
Jean's relationship, which oscillated through many highs and lows, 
sparked Robert's first dedicated interest and involvement with 
radical politics. Tatlock had many connections in local progressive 
causes, and through her, Oppenheimer met an assistant professor of 
French literature at Berkeley, Haakon Chevalier. Both Chevalier and 
Tatlock were members, at various times, of the Communist Party. 
Having much more money than most of his colleagues (he inherited 
over $300,000 after his father died in 1937, a massive sum at the 
time), Robert could support many left-wing efforts, such as those on 
behalf of the Loyalists in the Spanish Civil War. But his political 
activity did not reach much further than donations, occasional 
discussion groups, and benefits and parties he hosted for causes. 
Meanwhile, he watched the mistreatment of the Jews in Nazi 
Germany with what he later described as "continuous, smoldering 


fury." 


During this time, Robert's work as a physicist developed as well. 
With one of his first graduate students, Melba Phillips, 
Oppenheimer worked on deciphering the theory behind the cryptic 
results obtained by the Caltech experimenters and the cyclotroneers 
at Lawrence's Radiation Laboratory. They explained the 
Oppenheimer-Phillips process, involved in artificial radioactivity 
under bombardment by deuterons, an important step in nuclear 
physics. He also looked closely at cosmic ray showers, developing a 
mathematical theory of their step-by-step production. The 
formalism of relativistic quantum mechanics and quantum field 
theory attracted his attention, as did the deep troubles of the theory 
of light and electrons, called quantum electrodynamics. Robert also 
worked on applying general relativity and nuclear physics to 
theoretical astrophysics, resulting in work that came into its own 
only in the 1960s and 1970s. At that time, neutron stars and black 
holes were discovered to exist in physical reality and theorists' 
minds. 


In the autumn of 1940, Robert fell quickly into marriage with 
Katherine (Kitty) Puening Harrison, a spirited woman with a radical 
streak who had earlier been married to a hero of the Spanish Civil 
War. She was married to a doctor when she first met Robert. By 
May 1941, they had produced their first child, Peter. Looking back 
later, in 1954, Robert would assess his Berkeley days as such: 
"Starting with a single graduate student in my first year in Berkeley, 
we gradually began to build up what was to become the largest 
school in the country of graduate and postdoctoral study in 
theoretical physics, so that as time went on, we came to have 
between a dozen and twenty people learning and adding to 
quantum theory, nuclear physics, relativity, and other modern 
physics. As the number of students increased, so, in general, did 
their quality. The men who worked with me during those years 
hold chairs in many of the great physics centers in the United 
States; they have made important contributions to science." For a 
while, Oppenheimer's work would remain purely theoretical. But 
things would start to become very practical as Berkeley became an 
epicenter for a project to produce a new weapon from physics. 


Chapter Three 


Los alamos 


AS WORLD WAR II STARTED, Oppenheimer eagerly became 
involved in the effort to develop an atomic bomb, already taking up 
much of the activity of Ernest Lawrence's Radiation Laboratory at 
Berkeley. Lawrence had been on the ground floor of attempts to 
develop a weapon based on the principle of uranium fission. 
Roosevelt's initial Uranium Committee to investigate the use of 
fission in a wartime weapon, pressed forward by a letter written by 
Leo Szilard and signed by Albert Einstein in 1939, was producing 
unimpressive results, to the dismay of British physicists, who had 
done much initial theoretical work on the problem. Under their 
urging and the insistence of Lawrence, Arthur Compton, Vannevar 
Bush, and James Conant, the original project was replaced with 
new infrastructure and new leaders, hoping to vastly accelerate the 
pace. Oppenheimer was brought into the fold by Lawrence in late 
1941. On October 14 of that year, Lawrence wrote to Compton that 
Oppenheimer should accompany the new project heads to an 
upcoming meeting in Schenectady, New York, as Robert had 
"important new ideas." Compton replied by telegram the next day 
that this would be approved but nonetheless urged Lawrence to 
consider passing along Oppenheimer's thoughts at second hand to 
avoid duplicate travel costs. Lawrence replied that he would get the 
University of California to fund his colleague's travel if necessary; 
Oppenheimer's presence was essential. 


From here, Oppenheimer became a useful theoretical advisor, 
writing to Compton in the next few months with revisions on 
estimates of the amount of enriched uranium needed for a viable 
weapon - the critical mass — and the efficiency of such a weapon. 
By early 1942, Robert was appointed head of fast neutron research 
and quickly became essential to the project. He fully threw himself 
into the task, compiling and dissecting all available experimental 
information on uranium's behavior. That summer, he called 
together a group of "luminaries" to discuss the theoretical problems 
of developing an atomic weapon. On the top floor of Le Conte Hall 


on the Berkeley campus, established physicists and Oppenheimer's 
own students — Hans Bethe, Edward Teller, John Van Vleck, Felix 
Bloch, Emil Konopinski, Robert Serber, Stanley Frenkel, and Eldred 
Nelson - spent a month going over the data. Raised at the summer 
conference was also a pet project of Teller's: the idea of using a 
fission bomb as a trigger for an even larger weapon, the hydrogen 
bomb, christened the "Super." 


When General Leslie R. Groves took over the secret atomic bomb 
effort - codenamed the Manhattan Engineer District, or Manhattan 
Project - in September of that year, he focused on the idea of 
creating a centralized scientific laboratory. Previous research had 
taken place across the country at various institutions, which 
interfered with speedy work and created many security concerns. 
To the surprise of many and the frustration of Lawrence, Groves 
appointed Oppenheimer scientific director of the still non-existent 
site, despite his past political affiliations and lack of administrative 
experience. Scouting for a site for the new secret laboratory, 
Oppenheimer was again drawn to New Mexico, not far from his 
ranch. On a flat mesa near Santa Fe, the Los Alamos Ranch School 
was confiscated for the bomb project. Out of it, the Los Alamos 
Scientific Laboratory rose as a rag-tag collection of barracks and an 
ocean of mud. Oppenheimer collected a group of the most brilliant 
and able physicists of his day, including Enrico Fermi, Hans Bethe, 
Edward Teller, Victor Weisskopf, Richard Feynman, and many 
others many more. At the urging of Lawrence, the University of 
California became the laboratory's contractor, dealing with 
personnel, accounting, and payroll. This happened even though no 
one in the University's administration knew much about the lab - 
even its location. (University treasurer Robert Underhill was 
eventually allowed to know the state where the lab was to be 
situated, as he could not purchase insurance. Underhill was 
eventually told by Lawrence of the lab's purpose to increase his 
haste in responding to requests; at a reception, the University's 
President Robert Gordon Sproul speculated that the laboratory was 
creating a "death ray," which, while inaccurate, was close enough to 
the truth to rile Groves.) 


Oppenheimer developed into an effective and inspiring director. His 
trademark ability to understand concepts as quickly as they were 
put in front of him, and his prowess in keeping the project's 


disparate details in his mind at all times, allowed him to expertly 
coordinate the many hundreds of scientific specialists who poured 
in. His wife gave birth to their second child, Katherine (called 
Toni), in 1944 while at the lab. Using plutonium produced at the 
massive nuclear reactors built at Hanford, LOS ALAMOS, 
1942-1945 Washington, and uranium enriched in the gaseous 
diffusion apparatus and the calutrons developed by Ernest Lawrence 
for the massive complex at Oak Ridge, Tennessee, the Los Alamos 
scientists were able to carry out experiments, explore theoretical 
conceptions, and construct the world's first atomic weapons. The 
lab, envisioned originally to accommodate only a few dozen 
scientists and personnel, would grow to include thousands of people 
over square miles of space. Oppenheimers guidance proved 
invaluable and irreplaceable despite initial frustrations, problems, 
and setbacks. One of the project's most troubling problems was 
using plutonium for an atomic bomb. While highly enriched 
uranium could be caused to undergo a rapid, out-of-control chain 
reaction by simply combining two sub-critical pieces together 
quickly to form a critical mass, plutonium could not. Due to its 
unique properties, plutonium could only be used if a sub-critical 
sphere were imploded using focused lenses of high explosives, 
increasing its density and thus decreasing its critical mass. 
However, any slight deviations in the implosion would cause the 
bomb to fizzle, resulting in a relatively small explosion and a large 
waste of resources. 


The lack of confidence in the implosion mechanism encouraged 
undertaking a single test. On July 16, 1945, night turned to day at 
the "Trinity" test site in Alamogordo, New Mexico, in the first-ever 
nuclear weapon detonation. Witnessing the explosion, Oppenheimer 
reportedly remarked to his brother simply, "It worked." Later he 
said that his thoughts turned to words from the Bhagavad Gita: "I 
become death, the destroyer of worlds." Some of the lab's scientists 
were unsure of their ethical standing in producing such a weapon 
against civilians. Oppenheimer, however, agreed with those who 
urged the first use of the bomb against an actual target — and not as 
a demonstration. In particular, his arguments against staging a 
demonstration were that the bomb was not certain to work (and a 
failed weapon might even be used against its builders by the 
enemy), that POWs might be moved to any target area for which 


advance warning was given, and that a demonstration would never 
be as effective as use against what the military had termed "built-up 
areas" — populated cities. This was the policy implemented by 
President Truman on August 6, 1945, when the uranium bomb, 
"Little Boy," destroyed Hiroshima with the explosive force of 15,000 
tons of T.N.T. Three days later, a plutonium bomb, "Fat Man," was 
set loose on Nagasaki. Immediately or through injuries sustained in 
the blasts, the two bombs killed an estimated 210,000 people, 
ninety-five percent civilians. Six days after the second bomb, Japan 
surrendered. 


Chapter Four 


Fission and the atomic bomb 


THE SCIENTIFIC AND technical road that led to Los Alamos, the 
atomic bomb, the destruction of Hiroshima and Nagasaki, and the 
creation of the New World originated with changes in the science of 
physics as it moved from the study of visible phenomena, such as 
thermodynamics, to the study of the invisible world of radiation 
and the atom. The discovery in the 1880s of radiation, the energy 
that originates in the atom, by Antoine Becquerel, and the discovery 
of X-rays by Wilhelm Roentgen initiated this change in focus. Marie 
and Pierre Curie built on the discoveries of Becquerel and Roentgen 
and discovered the radioactive elements radium and polonium. 
Marie Curie received the first of her two Nobel Prizes for this work 
and also died from complications caused by exposure to radiation. 
In 1905, Albert Einstein published the first of his three seminal 
papers on relativity, including his famous equation, E=mc 2. 
Einstein's work relating mass to energy provided the theoretical 
basis for understanding the atomic world. In 1911, Ernest 
Rutherford, working at the University of Manchester, developed his 
planetary atom model, likening an atom to a miniature universe 
where electrons (planets) orbit the nucleus (sun), and in 1917 
discovered protons. 


Danish physicist Niels Bohr expanded on Rutherford's work, 
publishing articles on the structure of the atom and his theory that 
electrons were the major determinate of an element's chemical 
properties. Bohr's research became the basis for quantum theory 
(quantum mechanics), the dual particle-like and wave-like behavior 
of matter and energy. In 1930, Wolfgang Pauli predicted the 
existence of neutrinos, subatomic particles that would not be 
physically confirmed until the 1960s. In 1931, Harold Urey 
discovered deuterium, an isotope of hydrogen that would become 
the primary material of thermonuclear bombs in the 1950s. 
However, as the body of knowledge about the atom grew, there 
remained a disturbing fact. An atom weighs more than the 
combined weights of its two known particles, electrons and protons. 


What and where was this unidentified missing mass? British 
physicist James Chadwick postulated and then, in 1932, proved the 
existence of a third subatomic particle having no electrical charge - 
the neutron. This particle, part of an atom's nucleus, solved the 
puzzle of atomic weight. The discovery of the neutron completed 
the structure of the atom - a nucleus of positively charged protons 
in combination with neutrons having no electrical charge, 
surrounded by a negatively charged shell, or cloud, of electrons. 


The discovery of the neutron was vitally important to physics for 
yet another reason. The neutron was an ideal experimental tool for 
exploring the atomic world because its neutral charge allowed it to 
easily penetrate an atom's negatively-charged electron shell and its 
positively-charged nucleus. Using a stream of neutrons, physicists 
bombarded elements with neutrons and then analyzed the chemical 
and physical properties of the resulting debris. Physicists, however, 
did not have all the requisite chemistry skills to correctly analyze 
the debris. Working at his laboratory in Rome in 1934, Enrico 
Fermi, a future Nobel Laureate, bombarded a number of elements, 
including uranium, with neutrons. When Fermi and his team 
bombarded uranium, the resulting debris consisted of two particles 
of nearly equal mass that they could not identify. Unknowingly, 
Fermi and his team became the first scientists to achieve fission. In 
1938, at Berlin's Kaiser Wilhelm Institute, Otto Hahn and Fritz 
Strassman also bombarded uranium with neutrons. Like Fermi, they 
also split uranium atoms into two almost equal pieces, which to 
them appeared to be krypton and barium. Hahn and Strassman, like 
Fermi, could not explain why the new particles appeared to be two 
distinct elements or why the combined mass of these new particles 
was slightly less than that of the original atom. Perplexed by their 
findings, Hahn wrote to a former colleague, Lise Meitner, describing 
the experimental findings. 


Meitner, a chemist, discussed the results with her nephew, Otto 
Frisch. Together, they deduced what had happened - a uranium 
atom had been split into two nearly equal pieces: krypton and 
barium. The "missing mass" had been converted into energy. 
Fission, the splitting of the atom, had been discovered. A short time 
later, Frisch shared this revelation with Niels Bohr, who was going 
to Washington, D.C., to attend the Fifth International Theoretical 
Physics Conference. Bohr announced the discovery of fission at the 


conference, creating great excitement throughout the physics 
community. Other physicists quickly replicated the Hahn and 
Strassman experiment, achieving the same results. Just as quickly, it 
became obvious that if a billion or so atoms could be split in a 
microsecond, the cumulative energy release would create an 
explosion of extraordinary power. J. Robert Oppenheimer, a young 
theoretical physicist at the University of California at Berkeley, was 
among those physicists who realized this. A few months after the 
1939 conference, Robert Serber entered Oppenheimer's university 
office only to find a crude sketch of an atomic bomb on the 
blackboard. Six years later, under the leadership of Oppenheimer, 
Los Alamos scientists would engineer fission into the atomic bombs 
used against Hiroshima and Nagasaki. 


Once discovered, fission was a disarmingly simple construct. 
However, this simple construct was difficult to fashion into a 
nuclear weapon, both politically and technically. The political 
problem was a lack of awareness by the President about the 
possibility of an atomic bomb. Three Hungarian physicists, all 
refugees from Nazi-controlled Europe, Leo Szilard, Edward Teller, 
and Eugene Wigner, sought to alert President Franklin Roosevelt 
about the possibility. Although prominent within the physics 
community, none had any political standing and could not hope to 
attract Roosevelt's attention. Knowing this, Szilard drafted a letter 
that he hoped another European refugee, the very famous Albert 
Einstein, would sign and forward to the President. Einstein did so 
because Roosevelt authorized the creation of the Advisory 
Committee on Uranium to investigate existing research on atomic 
matters. When the committee found that this research strongly 
suggested that an atomic bomb was possible, Roosevelt assigned 
responsibility for the bomb's development to the War Department, 
which created the Manhattan Engineer District (aka Manhattan 
Project) to organize and manage laboratories and production plants 
that produced the first atomic bombs. 


Designing and building the first atomic bombs required solving 
three technical problems. First, large quantities of uranium and 
plutonium had to be amassed. Only these two metals, specifically 
their isotopes 235U and 239Pu, could be made to fission. Amassing 
235U was very difficult because it is chemically identical to natural 
uranium, 238U, and also very scarce, constituting only seven percent 


of all uranium in nature. The second problem in turning fission into 
a weapon was proving that a self-sustaining chain reaction was 
possible. A self-sustaining chain reaction occurs when an atom is 
split, releasing one or more neutrons that split other atoms. This 
process continues exponentially until the reaction runs out of atoms 
or, as in the case of a bomb, blows itself apart. 


In December 1942, Nobel Laureate Enrico Fermi, who had fled 
Europe with his Jewish wife and was now working at the University 
of Chicago, successfully proved that a self-sustaining nuclear chain 
reaction was possible. His experiment was a rudimentary reactor 
into which a number of slugs of uranium were placed until enough 
material was accumulated to reach criticality. Fermi then 
manipulated the reactor to produce the world's first self-staining 
chain reaction. Before the experiment could blow itself apart, Fermi 
engaged his safety mechanism and shut the reactor down. Although 
Fermi was confident he could control his experiment, he 
nonetheless stationed three graduate students, known as the suicide 
squad, on top of the reactor to pour buckets of a cadmium solution 
over the experiment if the safety mechanism failed. The cadmium 
solution would soak up neutrons and quash the fission process. 


The third problem was to design and build an actual nuclear 
weapon. The trick was to amass, in a compact form, a slightly 
subcritical amount of nuclear material. Then, by some 
manipulation, turn the subcritical piece of material into a 
supercritical mass. If too little metal was used, the bomb would not 
yield a nuclear explosion. If too much metal was amassed, the 
assembly would self-destruct. This task became the job of the Los 
Alamos Laboratory. 


Chapter Five 


Testing the atomic bomb 


THE MISSION OF BUILDING newer and better bombs, while simple 
in construct, was a highly sophisticated concept. The wartime 
bombs were little more than laboratory experiments rather than 
weapons of War. Little Boy and Fat Man were difficult to build and 
highly wasteful of their nuclear fuel. Most significantly, they were 
built with relatively little understanding of their nuclear, chemical, 
and metallurgical processes. The scientists of Los Alamos 
understood that only by increasing the scientific and technical 
understanding of nuclear weapons could the nation have a viable 
nuclear future. Thus, while political leaders were deciding on the 
nation's nuclear future, Los Alamos was working on providing the 
foundation on which that future could be built. 


In August 1944, Oppenheimer refocused the technical work of the 
laboratory, centering its efforts on developing the implosion 
method. Oppenheimer created the Cowpuncher Committee to ride 
herd on implosion to ensure the implosion method was developed 
quickly. The implosion design approved by the Cowpuncher 
Committee proposed focusing on the supersonic shock waves 
produced by almost three tons of high explosives to crush a small 
ball of plutonium into a supercritical mass. The complexity of this 
process, coupled with the precision required of the converging 
shock waves, dictated a proof of principle test. Fortunately, Hanford 
produced plutonium at a rate sufficient for both a test and a combat 
weapon. A successful proof test of the implosion design also would 
show that a self-sustaining fission chain reaction in a bomb 
configuration worked, making a proof test of Little Boy 
unnecessary. This was an extraordinarily significant development 
since uranium production continued to lag. With Cowpuncher's 
approval, a proof test, codenamed Trinity, was planned for the 
summer of 1945. 


Planning a full-scale nuclear test was complicated. If successful, 
Trinity's blast would destroy much of its immediate surroundings 


and inject radioactive debris into the atmosphere. The 
contaminated debris would be carried away from the point of 
detonation by prevailing winds, with the heavier and radioactively 
hotter debris falling close to ground zero. The lighter and cooler 
particles would disperse into insignificance. Oppenheimer and 
Bainbridge identified and evaluated eight potential sites for the 
Trinity test. Four sites were in New Mexico, two in California, and 
one in Colorado and Texas. The ultimate selection of the Jornada 
del Muerto region of southern New Mexico was based on what 
Bainbridge described as practical, scientific considerations. First, 
the site was expansive and flat. The blast wave from the test would 
spread quickly, thus minimizing its effects on the surrounding 
terrain. Second, the average weather was benign, with only small 
amounts of haze and dust, thereby permitting the collection of 
optical data (i.e., photographs). The final consideration was the 
site's proximity to Los Alamos, which minimized travel time to and 
from the site. In the early morning of July 16, 1945, Oppenheimer 
stood in the darkness of the Jornada del Muerto, anticipating the 
detonation of the world's first atomic bomb. The stress of leading 
Los Alamos had taken its toll. When he arrived in New Mexico, 
Oppenheimer weighed 130 pounds. By the time of Trinity, his 
weight had dropped below 100 pounds. Oppenheimer and hundreds 
of other scientists waited anxiously in the darkness to see if their 
labors had been in vain or if the "gadget" would work. 
Oppenheimer's concern was justified. While high explosives in the 
form of small shaped charges had been used before, most notably in 
the sculpting of Mount Rushmore, their use as the trigger for an 
atomic bomb was novel and worrisome. 


At 5:45 am Mountain War Time, just moments before the first rays 
of daylight appeared, the Trinity device exploded with the force of 
approximately 20 kilotons, lighting up the southern New Mexico 
sky. Reactions to the Trinity test varied among the scientists who 
witnessed the detonation. Oppenheimer recalled a line from the 
Sanskrit poem, the Bhagavad Vita, "I become death, the destroyer of 
worlds." Test director Kenneth Bainbridge said simply, "Now we are 
all sons of bitches." Ever the experimentalist, Nobel laureate Enrico 
Fermi, took out a piece of paper and tore it into small pieces. As the 
blast wave passed by him, Fermi dropped the pieces of paper to 
calculate Trinity's yield. As Fermi later wrote, 


About 40 seconds after the explosion, the air blast reached me. 
I tried to estimate its strength by dropping from about six feet 
small pieces of paper before, during, and after the passage of 
the blast wave. Since, at the time, there was no wind, I could 
observe very distinctly and actually measure the displacement 
of the pieces of paper that were in the process of falling while 
the blast was passing. The shift was about 2% meters, which, 
at the time, I estimated to correspond to the blast that would be 
produced by ten thousand tons of T.N.T. 


Fermi underestimated the force of the blast by ten kilotons. Trinity 
had many significant implications beginning with the fact that the 
bomb worked and simultaneously proving that a self-sustaining 
chain reaction could be successfully fashioned into a bomb. Before 
Trinity, Enrico Fermi had only demonstrated a fission chain 
reaction experimentally in a small reactor under the University of 
Chicago's Stagg athletic stands. While Fermi's experiment 
demonstrated that a fission chain reaction was possible, it did not 
prove that a chain reaction could be fashioned into an atomic 
bomb. Trinity did so. Second, Trinity proved that the implosion 
assembly worked better than expected, becoming the basis for most 
postwar nuclear weapons. 


Only full-scale detonations in the atmosphere could advance the 
knowledge about the complex nuclear, chemical, and metallurgical 
processes of nuclear detonations. As such, testing was, in the words 
of one Los Alamos weaponeer, "A continuous learning experience" 
that proved the science and technology of each nuclear device. 
Nuclear testing, by this definition, is laboratory experimentation 
writ large. Full-scale testing of nuclear devices required an outdoor 
laboratory capable of absorbing each detonation's very large energy 
yields and mitigating the worst of the ever-present radioactive 
fallout. However, after the Trinity Test, prevailing winds carried 
radioactive debris across the United States, where it fell in 
detectable quantities on American farmlands and cities. Some of 
this debris continued on, circling the entire planet. Concern about 
far-reaching fallout instantly rendered the Jornada del Muerto 
unsuitable as a nuclear test site. 


In 1946, when looking for a suitable anchorage for its Operation 
Crossroads tests, the United States Navy selected Bikini Atoll, part 


of the remote Marshall Islands. Bikini seemed nearly ideal for 
nuclear testing because the vast emptiness of the surrounding 
Pacific would absorb, it was believed, most of the fallout from the 
Crossroads tests. Bikini, like the Trinity site, had one drawback. It 
was inhabited. The problem was solved in much the same manner 
as Trinity. The resident population was simply relocated. The use of 
Bikini Atoll for nuclear testing has had two significant long-term 
consequences. First, it set the precedent of using the Marshall 
Islands as a nuclear test site. In 1948, the United States began using 
a second atoll, Enewetak and was on the verge of using a third, 
Taongi, when nuclear testing ceased in 1958. The second longterm 
consequence was the impact on the people of Bikini, Enewetak, and 
Rongelap Atolls. The Bikini Islanders were relocated in 1946, and 
the Enewetak Islanders in 1947. As a result of the radioactive 
fallout, the people of Rongelap Atoll had to be evacuated in 1954. 


All these people, except a portion of the Enewetak people, remain 
strangers to their ancestral homes. While mitigating radioactive 
fallout was the contemporary reason for choosing Bikini and 
Enewetak as nuclear test sites, the larger question is how and why 
this very remote archipelago, with very little land mass, became the 
center of the early United States nuclear test program. The answer 
lies in its accidental discovery by Spain, followed by subjugation to 
Germany, Japan, and the United States. These collisions with 
superior powers robbed the Marshallese of self-rule, marginalized 
their importance in world affairs, and permitted using Bikini and 
Enewetak as ground zero for sixty-six nuclear tests. 


The twenty-nine atolls and five islands that constitute the Marshall 
Islands are lost and often forgotten in the vast expanse of the Pacific 
Ocean. Having a total land mass of only seventy square miles, these 
atolls and islands are spread over 750,000 square miles of ocean 
between 40 and 140 North Latitude and 1600 and 1730 East 
Longitude in two parallel chains — the Ratak, or sunrise, to the east 
and the Railik, or sunset, to the west. Bikini and Enewetak are 
located at the northern end of the Railik Chain. Nuclear testing in 
the Marshall Islands ended in 1958. Reacting to the advent of the 
hydrogen bomb and the possibility of global destruction, the United 
States and the Soviet Union agreed to a moratorium on testing that 
took effect late in 1958. For a short time, the United States 
maintained Enewetak in readiness for use once testing resumed. 


However, several circumstances kept the United Sates from 
returning to the Marshall Islands after the moratorium ended. 


The first of these circumstances was the greatly increased energy 
yields of individual tests that threatened the very existence of both 
Bikini and Enewetak. Beginning with the fission devices tested in 
Operation Crossroads, through the detonation of the thermonuclear 
devices in Operation Castle, energy yields increased from thousands 
to millions of tons of T.N.T. equivalence. The very small land 
masses of both Bikini and Enewetak could not continue absorbing 
these increased yields. Even when megaton-range tests were moved 
to barges anchored in each atoll's lagoon, the sheer size of these 
detonations still had deleterious effects on nearby islands and even 
created tsunami waves that reached Hawaii. Second, beginning in 
the early 1950s, military requirements for nuclear warheads 
necessitated testing megaton-yield devices at very high altitudes. 
The intense light from such tests could cause eye burns in a 
significant portion of the Marshallese population. No good way 
existed to prevent such injuries. Third, the Marshallese people, 
beginning in 1954, had begun to exercise a political voice on the 
international stage. 


In a somewhat ironic twist, the United Nations trusteeship status, 
which gave the United States almost unlimited authority in the 
islands, also gave the Marshallese a legal mechanism to protest 
nuclear testing on their islands and atolls. The United States faced 
increasing political pressure from both the Marshallese and the 
United Nations to relinquish control of the islands at a time when 
other World War II trusteeships were ending. Thus, the last test 
conducted in the Marshall Islands occurred on August 18, 1958, 
with the firing of the Fig device at Enewetak. Fig yielded only 0.020 
kilotons, an anticlimactic ending to testing in the Marshall Islands. 


Chapter Six 


The decision to use the atomic bomb 


WHILE DISCUSSION OF the use of the first atomic bombs in history 
often centers around Truman, the beginning of the creation of this 
incredibly destructive and deadly weapon began under Roosevelt. 
In 1939, six years before the bomb was successfully crafted and 
detonated, Albert Einstein wrote a letter to F.D.R. explaining that 
uranium could be turned into energy that, if combined in a 
reaction, could produce an amount of power never seen before. 
Einstein also warned the President that German scientists were 
already working using the same materials and ideas. Roosevelt did 
not give much consideration to Einstein's letter besides creating an 
exploratory committee that gave a mere 6000 dollars to research 
the topic, which equates to just over $100,000 in 2023 dollars. 
However, the British also knew that Germany was creating a bomb 
and warned the U.S. of their intelligence in the matter, turning 
Roosevelt's attention to the gravity of this news. The United States 
had not entered the War, though they knew it was imminent. 


In 1941, Japan took the United States by surprise by attacking Pearl 
Harbor, while Germany declared War against the U.S., entering the 
U.S. into the War and causing Roosevelt to approve the beginnings 
of the atomic bomb. While Truman was the President at the time of 
the Pacific War and the defeat of Japan through atomic force, many 
more important people were involved in the decision and process of 
going nuclear. The first individual was F.D.R., as he permitted him 
to begin building the atomic bomb. F.D.R. had no qualms about 
building the bomb. It appeared to him like it was another stronger 
weapon for the U.S. to have at its disposal. Another important 
figure is Winston Churchill, who worked closely with Roosevelt and 
even initiated a conversation about the atomic bomb. For Churchill, 
it was important to be on the same page as the U.S. in terms of 
foreign policy, particularly during the years of the War. Churchill 
provided the U.S. with German intelligence that got the ball rolling 
on atomic bomb research. He ensured that Roosevelt promised to 
keep him on the same page and consider him in all decisions. 


During World War II, Roosevelt's Secretary of War, Henry Stimson, 
played an important role in the atomic bomb discussion. However, 
he usually found himself opposing the views of his fellow advisors 
and his President. Being the Secretary of War, he was one of few 
people who knew the extent of the Manhattan Project. 


On July 25, 1945, Carl Spaatz, the commanding general of the 
Army Strategic Air Forces, was informed that "The 509 Composite 
Group, 20th Air Force will deliver its first special bomb as soon as 
weather permits visual bombing after about August 3, 1945, on one 
of the targets: Hiroshima, Kokura, Niigata and Nagasaki." Handy, 
the chief of staff, went on to explain, "additional bombs will be 
delivered on the above targets as soon as ready by the project 
staff... further, instructions will be issued concerning targets other 
than those listed." The United States officially issued the plan to use 
atomic bombs in an attempt to end the atrocious War with Japan 
with the least amount of American causalities. 


On August 6, 1945, a single B-29, the Enola Gay, appeared over 
Hiroshima and released the first atomic bomb. The explosion and 
the following firestorm destroyed approximately 60 percent of the 
city and killed or wounded 200,000 people, including an estimated 
80,000 that died instantly. Truman received news of the successful 
bombing of Hiroshima while aboard the U.S.S. Augusta returning to 
the United States following the conclusion of the Potsdam 
Conference. The Presidents reaction was excitement and 
exhilaration, for he knew the War would soon end. In his 
excitement, Truman announced to the crew the news of the new 
weapon and turned and told Byrnes, "It's time for us to get home." 
There were no debates on dropping the second atomic bomb; the 
directive that General Spaatz received on July 25 authorized him to 
continue with the bombings. To limit civilian casualties, the United 
States dropped thousands of leaflets on Japanese cities, following 
the first atomic bomb, as part of a psychological effort to force a 
Japanese surrender. These leaflets outlined how the Japanese 
government refused to surrender and that Japan faced complete 
destruction with this new weapon. 


Additionally, the leaflets told the Japanese people to "evacuate your 
cities" On August 9, a lone B-29, called Bock's Car, dropped the 
second atomic bomb on the port city of Nagasaki. While the second 


bomb was more powerful than the one dropped on Hiroshima, the 
explosion only killed approximately 36,000 people. The main 
reason for the low casualty count was that the bombardier released 
the bomb two miles off target, and the numerous valleys and ridges 
around Nagasaki protected it against the effects of the explosion. 


After further debate on which option to pursue, Prime Minister 
Suzuki asked the Emperor to decide for the council. The Emperor 
stated, "The time has come when we must bear the unbearable.... I 
swallow my own tears and give my sanction to the proposal to 
accept the Allied proclamation on the basis outlined by the Foreign 
Minister.” The Japanese transmitted their acceptance of the 
Potsdam Declaration to the Allies on August 10, less than 24 hours 
after the destruction of Nagasaki. Once Truman learned of the 
Japanese response, his next decision related to the status of the 
Emperor. Truman's advisors remained split on how to deal with the 
Emperor. Stimson and Leahy both agreed that it would benefit the 
United States if the Emperor stayed. Byrnes remained strongly 
against any change to unconditional surrender terms and believed 
the Emperor should go. Truman finally decided that "from the 
moment of surrender, the authority of the Emperor and the 
Japanese Government to the rule of the state shall be subject to the 
Supreme Commander of the Allied Powers." While the United States 
notified the other Allied nations, Truman stopped any further use of 
atomic bombs. The official Japanese surrender came on August 14. 


Chapter Seven 


the recruitment of the los alamos team 


OPPENHEIMER WAS NOT an obvious choice for the Director of the 
Los Alamos Laboratory position. Many scientists opposed the 
appointment because Oppenheimer was not a Nobel Prize winner, 
an experimental physicist, and had almost no administrative 
experience. From the outset, there was enormous pressure on 
Oppenheimer. Initially, the key problem was attracting the highest 
caliber scientists. What Oppenheimer was offering to such scientists 
was far from enticing. Los Alamos was situated in a remote desert, 
where scientists would live and work in rough, makeshift 
buildings." They could not tell family or friends where they were 
going or what they were doing, and because of tight security, 
letters, and phone calls were censored. They were seldom allowed 
to leave the site, and when they did, it was a long trip via primitive 
and winding roads to the nearest city. On top of all this, scientists 
were expected to work very long hours on a project that seemed 
unlikely to succeed. This is what Oppenheimer had to offer the 
scientists he was trying to recruit, and Oppenheimer's persuasive 
gifts were taxed to their utmost. As he later pointed out, "the notion 
of disappearing into the New Mexico desert for an indeterminate 
period and under quasi-military auspices disturbed many scientists 
and the families of many more." 


This is where Oppenheimer's charisma proved invaluable. It seems 
that many agreed to Oppenheimer's request to come to Los Alamos 
because he was to be their Director. The personal magnetism he had 
hitherto only exercised upon his students now proved equally 
irresistible in wider circles. His success in recruiting leading 
scientists was later attributed to "intellectual sex appeal." However, 
many also came because of Oppenheimer's vision of the United 
States in a race against the Germans to develop the A-bomb, a race 
between good and evil. Bob Wilson later recalled Oppenheimer's 
attitude: 


He was convinced that the war effort was a mass effort to 


overthrow the Nazis and upset Fascism, and he talked of a 
people's Army and a people's War as though it were a big 
indigenous upsurge. This also made his previous life plausible 
to us. The language had changed so little. It's the same kind of 
language, except that now h has a patriotic flavor, whereas 
before h had just a radical flavor 


This explains why Oppenheimer, an extraordinarily moral 
individual, oversaw the development of the most destructive 
weapon the world had ever seen. He saw the project as a moral 
crusade against evil and poured the same enthusiasm he once 
poured into his political involvement into building the bomb. 
However, in light of later events and discoveries, Oppenheimer 
came to see his work at Los Alamos very differently. Oppenheimer's 
intellectual abilities were perfectly suited for his role at Los Alamos. 
He was a genius at keeping in touch with the numerous technical 
problems facing various groups at Los Alamos. As George 
Kistiakowsky, chief of the explosives division at Los Alamos, later 
recalled, Oppenheimer "had an incredible ability to have all the 
threads of this enormous project in his mind and to make the right 
technical decisions.” Oppenheimers genius for finding other 
people's mistakes, and his ability to grasp other people's ideas and 
then clarify them, proved invaluable to the success at Los Alamos. 
Oppenheimer once joined a metallurgy session during an 
inconclusive argument over the type of container to be used for 
melting plutonium. Though Oppenheimer was a theoretical 
physicist, and this was far from familiar ground for him, he listened 
for a time. Then he summed up the discussion so clearly, that the 
answer, though not provided by Oppenheimer, was immediately 
obvious. 


Everyone at Los Alamos worked under tremendous pressure, 
believing they were in a deadly race with the Germans. Elsie 
McMillan, who worked at Los Alamos with her husband Edwin, 
recalled the atmosphere at the laboratory: 


The emotional strain was apparent, the feeling that you've got 
to make that bomb, you've got to get it done; others are 
working on it; Germans are working on it; Hurry! Hurry! 
Hurry! This is going to end the War; this is going to save our 
boys' lives. This will save Japanese boys' lives; get that damn 


bomb done! We were tired. We were deathly tired." 


The fact that the bomb was seen in such moral terms as a way to 
save lives made the work easier. However, by the end of the War, 
these noble ideas, which had motivated Oppenheimer and the other 
scientists to make the bomb, had all evaporated. The first 
motivating factor to disappear was the threat of a German A-bomb. 
Following the surrender of Germany in May 1945 and the success of 
the Alsos mission to discover the level of German nuclear research, 
h became clear that German nuclear science was in a rather pitiful 
state. Much has been written about the impact of such news on 
nuclear scientists in America. This news seems to have led many 
scientists to question their work on the A-bomb. They were no 
longer in a desperate race against evil but were simply working to 
add another, even more deadly, weapon to the United States' 
arsenal. However, news of the German surrender did not have the 
impact it might have, particularly concerning Oppenheimer. The 
German surrender coincided with the dress rehearsal for the Trinity 
test, which involved detonating a hundred tons of T.N.T. The 
scientists were working under tremendous pressure as they 
struggled to meet the test date. 


However, it is important to note that h was not Oppenheimer who 
advised that the bomb be used in some kind of demonstration. It 
was Ernest Lawrence, who ironically was later to become one of the 
most zealous advocates of the vastly more destructive H-bomb, that 
wanted to give the Japanese a demonstration of the A-bomb's 
power. Oppenheimer, on the contrary, seemed to feel that "an 
enormous nuclear firecracker detonated at a great height doing 
little damage" would not have convinced the Japanese to end the 
War. However, though the scientific panel later said that they saw 
"no direct alternative to military use," they admitted that they had 
"no claim to special competence in solving the political, social, and 
military problems presented by the advent of atomic power." The 
committee eventually agreed that the bomb should be used on 
Japan without prior warning and that the target should be a vital 
war plant surrounded by a civilian population. 


Shortly after 8:00 am on the morning of August 6, 1945, the bomb 
was detonated over Hiroshima, and the world was introduced to the 
power of the atom. The bomb created the nightmarish scene that 


author John Hersey would later describe in Hiroshima. Estimates 
are still disputed, but almost 140,000 people died on the day of the 
attack and the weeks immediately following h. Groves called 
Oppenheimer on August 6 at 2:00 pm to pass on the news and 
congratulate Oppenheimer and his people. "Everybody is feeling 
reasonably good about it," Oppenheimer replied." The physicist Otto 
Frisch remembers hearing people running and yelling about 
Hiroshima. "I still remember the feeling of unease, indeed nausea... 
it seemed rather ghoulish to celebrate the sudden death of a 
hundred thousand people, even if they were 'enemies,' recalls 
Frisch. It seems that Frisch was one of the first to feel the horror 
and guilt that would come to infect most of the scientists that had 
worked on the bomb project. 


On the day of Hiroshima, Oppenheimer entered a giant meeting of 
clapping scientists assembled at the Los Alamos auditorium. The 
time for more somber assessment and reflection was not yet here, 
and Oppenheimer was caught up in the feeling of success. He 
proudly strode down the aisle and, as he mounted the podium, 
clasped his hands over his head in a victory gesture. He informed 
his colleagues that an atomic bomb had been successfully detonated 
over Hiroshima. Initially, Oppenheimer had estimated that around 
twenty thousand Japanese would die in such an attack, but it soon 
became clear that deaths would far exceed that number. After the 
Trinity test, a party was organized at one of the men's dormitories. 
However, most people did not come, and many of those who did, 
beat a hasty retreat. Those that did attend quietly talked and sipped 
drinks as feelings about the day's events turned sour. Oppenheimer 
showed a colleague a telex that had arrived from Washington with 
details of the damage at Hiroshima in one comer. Both became 
upset by the news and went home. When returning home, 
Oppenheimer spotted a sober and usually cool-headed group leader 
vomiting in the bushes and thought, "The reaction has begun." 


Chapter Eight 


the post-war years 


WHEN VICTORY OVER JAPAN was announced, Los Alamos 
celebrated with as much verve as it could muster. Now that their 
secret was out, the staff at Los Alamos were praised as heroes. 
Congratulatory letters and telegrams began to flood in from all over 
the country, and many scientists received medals or letters of merit. 
But the days after also brought increased reflection about the use of 
the A-bomb. Laura Fermi, wife of Enrico Fermi, recalled: 


Among the praising voices, some arose that deprecated the 
bomb, and words like 'barbarism,' 'horror,' 'the crime of 
Hiroshima,' and 'the mass murder' were heard from several 
directions, and the wives sobered. They wondered. They probed 
their consciences but found no answers to their doubts. 


The scientists were filled with even greater doubts about the A- 
bomb, none more so than Oppenheimer himself. On August 26, 
1945, in a letter to his old friend Herbert Smith, Oppenheimer said 
of the A-bomb project: "You will believe that this undertaking has 
not been without its misgivings; they are heavy on us today, when 
the future, which has so many elements of high promise, is yet only 
a stone's throw from despair." Oppenheimer arranged to leave his 
position at Los Alamos and return to academic life immediately 
after a ceremony on October 16. Groves presented the laboratory 
with a Certificate of Appreciation on behalf of the Army. But 
Oppenheimer's return to teaching was no more than a gesture, for 
he felt a moral obligation to help address the problems of the 
nuclear age. During his later security hearing, Oppenheimer said: "I 
felt, perhaps quite strongly, that having played an active part in 
promoting a revolution in warfare, I needed to be as responsible as I 
could concerning what came of this revolution." Oppenheimer was 
no longer some obscure scientist; the spectacular success of the A- 
bomb had turned him into a well-known and respected public 
figure. This public notoriety, combined with his already high 
standing among scientists, gave Oppenheimer a good deal of 


personal and political influence. 


Oppenheimer was soon called to Washington to help develop a plan 
for postwar atom control, becoming one of the primary authors of 
the Acheson-Lilienthal Report. This report was a radical political 
response to a radical breakthrough in science. It proposed the 
creation of a supranational Atomic Development Authority, which 
would take control of all the earth's uranium and thorium deposits 
and operate all facilities concerned with the development or use of 
atomic energy." On one occasion, Oppenheimer met with President 
Truman during his work on the international control plan. 
Oppenheimer suddenly revealed his guilt over his role in the A- 
bomb project during this meeting, blurting out: "Mr. President, I 
have blood on my hands" This greatly offended Truman. "Don't you 
bring that fellow around again," Truman later told Acheson, going 
on to say: "After all, all he did was make the bomb. I'm the guy who 
fired it off". In a lecture in 1947, Oppenheimer said: "In some sort of 
crude sense which no vulgarity, no humor, no over-statement can 
quite extinguish, the physicists have known sin; and this is a 
knowledge which they cannot lose." After Hiroshima it seems that 
Oppenheimer felt it was his task to help ensure that nuclear 
technology represented a "great hope" rather than a "great peril." 


Oppenheimer soon had a place to go and things to do. In the 
autumn of 1946, the Atomic Energy Act was passed.’ This act 
transferred the nuclear program from military hands to the civilian 
hands of the newly created Atomic Energy Commission (A.E.C.). 
David Lilienthal, former chairman of the Tennessee Valley 
Authority, was appointed chairman of the A.E.C. Oppenheimer was 
named a member of the nine-person General Advisory Committee 
(G.A.C.), created to advise the new Commission on scientific and 
technical matters. This committee included scientists such as Isidor 
Rabi, Enrico Fermi, James Conant, and Lee Dubridge, men who had 
played important roles in the nuclear revolution. Oppenheimer 
arrived late to the first meeting of the G.A.C. only to find that his 
fellow members had elected him chairman. Since nuclear energy 
was a new field, Lilienthal and the A.E.C. leaned heavily on 
Oppenheimer and the G.A.C. This made Oppenheimer the most 
influential scientific advisor, at least until 1950, perhaps beyond. 


In early September 1949, the crew of a special Air Force plane on 


patrol over the Bering Sea picked up traces of radioactive materials 
in the atmosphere. Oppenheimer, who was called in to help analyze 
the samples, had no doubt that the Soviet Union had tested a 
nuclear weapon and that the American monopoly was now a piece 
of history. This news immediately sparked fierce debate about how 
the United States should respond. The A.E.C. began planning 
increased efforts in all nuclear weapon projects, from the proposed 
use of small thermonuclear reactions to boost fission weapons to 
improving fission weapons along more conventional lines. Some 
believed there was only one suitable response to the Soviet A-bomb: 
the immediate development of a thermonuclear weapon. 


After a brief period of confusion, the debate following the Soviet 
test revolved around one question; Was a high-priority program for 
developing a thermonuclear weapon the appropriate response to a 
Soviet fission weapon? The A.E.C. called a special meeting of the 
General Advisory Committee to address this question and discuss 
and recommend any other means of ensuring the defense and 
security of the United States. The G.A.C.'s report consisted of three 
separate sections plus two appendices. Part I of the report 
recommended, among other things, "an intensification of efforts to 
make atomic weapons available for tactical purposes." Some have 
argued that after Hiroshima, Oppenheimer came to oppose all 
nuclear weapons, but this was not the case. In the absence of 
international arms-limitation agreements, Oppenheimer and the 
G.A.C. recognized the need for nuclear weapons and promoted 
efforts to increase the variety and numbers of such weapons. 
Oppenheimer liked to see nuclear weapons only in defensive terms, 
but he did not categorically oppose them. 


Oppenheimer and the G.A.C. only opposed one kind of nuclear 
weapon, and that was the H-bomb. Part III of the report addressed 
the most important question of whether or not the H-bomb should 
be developed. The report concluded, "It would be wrong at the 
present moment to commit ourselves to an all-out effort towards its 
development." The G.A.C. report also called for enough information 
on the H-bomb to be declassified so that a public policy statement 
could be made. Because the destructive power of a thermonuclear 
weapon is potentially limitless, the majority addendum, signed by 
Oppenheimer, concluded that such a weapon "might become a 
weapon of genocide" and thus represent an intolerable threat to the 


human race. The majority addendum also stated: "We believe a 
super bomb should never be produced. Mankind would be better off 
not to have a demonstration of the feasibility of such a weapon 
until the present climate of world opinion changes." Thus the G.A.C. 
report called for greater openness on the government's behalf, 
called for the development of tactical nuclear weapons, and 
opposed the H-bomb. Such issues would be picked up again and 
again by Oppenheimer in later years and would be important 
factors leading to his later hearing. 


An A-bomb yielding approximately fifteen kilotons had killed 
almost 150,000 people at Hiroshima, leaving Oppenheimer with 
"blood on his hands" By the time of the Soviet test, the United States 
had developed weapons with yields of over a hundred kilotons. The 
yield of the H-bomb, if h could be built, would be measured in 
megatons. The H-bomb would be far too powerful against a military 
target; it would be too big for anything but the utter obliteration of 
urban life. Oppenheimer and the G.A.C. believed such a weapon 
was simply too murderous. It is of great importance that 
Oppenheimer opposed the H-bomb due to moral considerations. 
Had he opposed h solely due to technical considerations, it would 
have been acceptable for him to revise his opinions in the face of 
later technical advancements. The fact that he opposed the H-bomb 
for moral reasons not only angered H-bomb advocates who did not 
believe thermonuclear weapons were different from fission weapons 
in terms of morality, but it also permanently established him, in the 
minds of many, as an opponent of a thermonuclear weapon. Even 
after the decision to go ahead with the H-bomb and his support of 
the later H-bomb design, Oppenheimer was forever seen as a moral 
crusader against the H-bomb. 


After losing his job at the University of Minnesota, Frank 
Oppenheimer lived as a cattle rancher in Colorado. In 1957 he 
would teach again at a local high school and, in two years, was 
offered a position at the University of Colorado. There his interests 
shifted towards developing new methods of science education, 
which eventually culminated in a "Library of Experiments" used to 
teach physics to students. In the mid1960s, inspired by European 
science museums, he labored to create a site in the United States to 
encourage science learning. In 1969, Frank's efforts led to the 
opening of the Exploratorium in San Francisco, an interactive 


museum with the mission to make science fun and accessible for 
people of all ages. Frank served as its Director until he died in 1985. 
By 1965 Oppenheimer's health was ailing. He gave up his position 
as Director at the Institute of Advanced Study and instead took 
Albert Einstein's one-time position as senior professor of theoretical 
physics. In the winter of 1966, Oppenheimer's former student David 
Bohm wrote to ask whether the former Director of Los Alamos felt 
any regret over Hiroshima. In his reply, Robert said, "My own 
feelings about responsibility and guilt have always had to do with 
the present, and so far in this life, that has been more than enough 
to occupy me." Within two months, Robert died of throat cancer on 
February 18, 1967. Robert's ashes were then scattered over the 
Virgin Islands, a favorite summer retreat of his family. 


Chapter Nine 


the nuclear age 


THE BOMBING OF HIROSHIMA and Nagasaki occurred nearly 75 
years ago when the United States proved itself to be the foremost 
power in terms of possessing an extensive nuclear arsenal. This 
instance of using nuclear weapons brought about an era of the 
prominence of nuclear arsenals and their implications in 
international relations. Until 1949, the U.S. was the only country 
with nuclear weapons. However, in 1949, the Soviets went nuclear, 
significantly changing international relations. The advent of the 
hydrogen bomb, a bomb that is 3,000 times more destructive than 
the bombs used on Japan, also significantly impacts relations 
between states today. Important theories have been developed on 
nuclear weapons, such as deterrence theory and counterforce 
strategy. 


Deterrence Theory 


Deterrence theory, unlike counterforce strategy, focuses on defense. 
Deterrence theorists rely on two principles: countries will not attack 
their adversaries if they believe the benefit will not outweigh the 
cost. The second is that nuclear weapons allow countries to inflict 
unprecedented damage on those who attack them. The underlying 
logic in deterrence theory is that there is no need to discriminate 
between civilians and the Army when deploying nuclear weapons. 
Believers say that precise weapons are not good, as the goal of 
deterrence is to threaten the most destruction from the biggest 
weapon, which is why accuracy does not matter to them. They also 
argue for building the largest, most destructive bombs because they 
do not want any country to have the ability to have counterforce 
capability, as this defensive bomb has the intention to obliterate the 
country that attacks them. 


The idea behind deterrence theory is deterrence provides peace in 
the international system. The greater the nuclear arsenal, the less 
likely the state will be attacked. When considering the costs and 
benefits of attacking a state armed with defensive nuclear weapons, 
more often than not, the cost of attacking the state, which would be 
the obliteration of their own state, will highly outweigh the benefits 
of the attack. However, states armed with deterrent nuclear 
weapons do run a risk by leaving themselves vulnerable to attack. 
Still, their risk is very low for them as the likelihood of another 
state attacking them, knowing they possess these weapons, is low. 
Nuclear weapons are a tremendous force for peace as long as 
nuclear arsenals are survivable, that is, able to withstand an 
enemy's first strike and retaliate. 


Counterforce Strategy 


Counterforce, unlike deterrence, is a very offensive strategy. The 
counterforce strategy involves offensively attacking another 
country's weapons arsenals to disarm them from being able to 
attack you, essentially like a preemptive attack. It also argues for 
smaller, low-yield nuclear weapons that are much more 
discriminating than those of deterrence theory. Technology in the 
recent age has been rapidly improving, making it more difficult for 
countries to be confident in the survivability of their weapons. The 
counterforce revolution creates an arms race and the development 
of new technologies, which can ensure the survivability of deterrent 
forces. However, the development of technology can go two ways, 
as it can enable states to find other states' nuclear arsenals more 
easily. Still, therefore it also makes states' ability to hide their 
nuclear weapons from detection and from a counterforce strike. 


There are three approaches to protecting nuclear arsenals that state 
use but are also being undermined by developing technology, 
undermining deterrence. The first is hardening, which occurs when 
states physically harden their nuclear sites to resist attack blasts. 
However, recent technological developments have created 
difficulties in successfully hardening nuclear weapons. Before these 
developments, targets were difficult to accurately destroy because 
of factors like aircraft speed and altitude and atmospheric factors 
like wind and temperature. However, with the development of 
technology, including aid in guiding aircraft and self-guided 
missiles, the accuracy of these destructive forces has increased 
exponentially. The ability to use hardening to protect weapons 
severely suffers today due to the effects of technological advances, 
such as guidance, inertial sensors, and self-guided missiles. The 
evolution of the self-guided missile was particularly a game 
changer, as the computer essentially took over the role of the 
human, leaving human error out of the picture. 


A second strategy being undermined is the concealment of nuclear 
arsenals. In the 20th century, countries could hide their weapons 
easily without being detected by other countries. However, it is 
increasingly difficult to hide nuclear weapons from other states 
today. There have been improvements to technology, such as 
remote sensing, that enable states to find nuclear weapons that they 


otherwise could not. It is also very difficult to conceal weapons, 
particularly submarine missiles, even before these new 
technological innovations. 


A final strategy used to secure weapons is redundancy. This form of 
protection uses multiple types of delivery systems and warheads to 
complicate enemy strike plans. However, just like the other two 
strategies, technology has undermined this strategy. States are 
much more capable of finding and destroying an enemy's nuclear 
weapons arsenal than in the past. The best advancement in the 21st 
century has been in the accuracy of nuclear weapons and 
technology, which leads to less deterrence but a better possibility 
for counterforce strikes. Technology seems to have taken over 
humans' jobs in guiding missiles and detecting them, which has 
increased efficiency and accuracy. Accuracy has increased states’ 
ability to counterforce strikes against other countries. 


In today's nuclear arsenal, states possess nuclear weapons that are 
thousands of times more destructive than the bombs used in 
Hiroshima and Nagasaki. For example, Russia exploded one single 
bomb that was 4,000 times as powerful as that used at the end of 
World War II. The advent of hydrogen bombs also gives states the 
ability to have immense destructive capabilities. These facts about 
nuclear weapons today put into perspective the force and 
destruction used to bomb Hiroshima and Nagasaki. The bombs that 
Truman used pale in comparison to the bombs that exist today. 
Elements like just peace, justice in War, discrimination, and 
proportionality all pertain to both the bombing of Hiroshima and 
Nagasaki and to today's nuclear arsenal. Given the circumstances 
during World War II, Truman made the more ethical decision to use 
the bombs specifically on Hiroshima and Nagasaki to save lives and 
quickly end the War. 


Chapter Ten 


Conclusion 


IN THE CONCLUSION OF "The Atomic Alchemist: J. Robert 
Oppenheimer and the Birth of the Nuclear Age," we are left with a 
profound reflection on the life, work, and legacy of one of the most 
complex and influential figures of the 20th century. Oppenheimer's 
journey from a brilliant physicist to the leader of the Manhattan 
Project and the subsequent birth of the atomic bomb is a testament 
to the transformative power of scientific discovery, the moral 
implications of technological advancements, and the weight of 
responsibility on those who shape history. Through the pages of this 
book, we have explored Oppenheimer's early years, his pivotal role 
in the Manhattan Project, and the consequential detonation of the 
first atomic bomb. We have witnessed the conflicts and 
collaborations within the scientific community, the intense pressure 
to deliver a weapon of unimaginable power during global turmoil, 
and the profound ethical dilemmas Oppenheimer and his peers 
faced. 


The destructive force unleashed upon Hiroshima and Nagasaki 
forever altered the course of human history, marking the beginning 
of the nuclear age and its profound consequences. Both revered and 
vilified, Oppenheimer grappled with the moral implications of his 
creation and the devastating loss of life resulting from its use. His 
eventual entanglement with political suspicion and the 
controversial Oppenheimer hearings further added complexity to 
his story. Yet, beyond the tumultuous aftermath, Oppenheimer's 
influence extended far beyond nuclear weapons. His advocacy for 
international cooperation, arms control, and the responsible use of 
science left an indelible mark on the post-war world. His reflections 
on the consequences of knowledge and the dangers of unchecked 
power resonate today, reminding us of the critical importance of 
ethical considerations in scientific advancements. As we close the 
book on Oppenheimer's life, we are confronted with the enduring 
questions raised by his journey. How do we reconcile the pursuit of 
scientific progress with the responsibility to humanity? Can we 


navigate the delicate balance between the potential benefits and 
catastrophic risks of powerful technologies? And ultimately, how 
can we learn from the past to guide us toward a more secure and 
peaceful future? 


"The Atomic Alchemist: J. Robert Oppenheimer and the Birth of the 
Nuclear Age" challenges us to confront these pressing issues and 
consider the profound impact of human actions on the trajectory of 
civilization. It serves as a reminder of the moral and ethical 
responsibilities inherent in scientific exploration and innovation. 
Oppenheimer's story serves as a cautionary tale, urging us to 
approach the advancement of knowledge and the development of 
powerful technologies with wisdom, foresight, and a deep 
commitment to the well-being of humanity. In the end, 
Oppenheimer's journey illuminates the heights of human ingenuity 
and the depths of our collective fallibility. It compels us to grapple 
with the consequences of our choices, to strive for a world where 
the pursuit of knowledge is balanced by compassion and ethical 
considerations, and to navigate the complexities of our nuclear age 
with vigilance, cooperation, and a steadfast commitment to peace. 
As we contemplate the closing chapters of Oppenheimer's life, we 
recognize that his story is not just a historical account but a call to 
action. It challenges us to confront the ethical dilemmas and moral 
responsibilities that arise from scientific progress and technological 
advancements. The legacy of Oppenheimer and the birth of the 
nuclear age implore us to critically examine the world we inhabit 
and our choices. 


In the aftermath of Oppenheimer's experiences, the world has 
witnessed both the astonishing achievements and devastating 
consequences of nuclear power. The arms race, nuclear accidents, 
and the specter of nuclear proliferation continue to shadow 
international relations. Yet, amidst the risks and uncertainties, 
significant strides have been made in disarmament efforts, non- 
proliferation agreements, and the pursuit of clean and sustainable 
energy alternatives. "The Atomic Alchemist" serves as a reminder 
that the challenges faced by Oppenheimer were not confined to his 
era alone. They persist today, demanding our unwavering attention 
and collective action. It is incumbent upon us to address the 
complex issues surrounding nuclear weapons, strive for 
international cooperation, and to foster a deeper understanding of 


the consequences of our actions. The closing words of this book 
beckon us to learn from Oppenheimer's life, not only by scrutinizing 
the past but also by shaping a brighter future. We must engage in 
thoughtful and informed discussions, embracing the intersections of 
science, ethics, and policy. We must recognize that the responsible 
stewardship of powerful technologies is as vital as their 
development. By reflecting on the life and legacy of J. Robert 
Oppenheimer, we are reminded that the pursuit of knowledge must 
be coupled with a profound sense of responsibility and an 
unwavering commitment to the welfare of humanity. Through the 
collective wisdom and actions of individuals, governments, and 
societies, we can navigate the complexities of the nuclear age and 
strive for a world where the destructive power of the atomic bomb 
is replaced by cooperation, understanding, and the pursuit of 
common goals. 


"The Atomic Alchemist" serves as a historical testament to 
Oppenheimer's journey and a call to examine our own roles in 
shaping the future. It is an invitation to engage in meaningful 
dialogue, advocate for responsible science and technology, and to 
work towards a world where the lessons of the past inform our 
decisions and actions. In closing, let us remember that true alchemy 
lies not in the creation of destructive forces but in the 
transformative power of knowledge harnessed for the betterment of 
humanity. May the story of J. Robert Oppenheimer and the birth of 
the nuclear age inspire us to strive for a world where the pursuit of 
scientific progress and the quest for peace walk hand in hand. 
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